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ferent parts of the Stock Exchange BuiJrding, where the 
exhibit is made, are printed lists of the manufacturers 
in certain branches of industry, as, for example, the 
paper manufacturers, machine manufacturers, etc., con
nected with the exchange. 

It is claimed the success of the project is assured, 
and there is now talk of a permanent exhibit Of sani· 
pies arid of efforts 10 extend the work of the exchange 
in other directions.-H. W. Harris, Corlsul at Mann
heim; Germany. 

MAKING ATTAR OF ROSES IN BULGARIA, 

THE oil of roses of the ancients, of which Dioscoridet! 
speaks in his Materia Medica, was produced by a mere 

posed of three pieces, which are adjusted at the 
moment of using. These are a still in the form Of a 
truncated cone, having a narrow neck and placed upon 
a primitive furnace of masonry; a flattened top part 
or cap; and a refrigerating tube that plays the part 
of a worm. This latter passes obliquely into the upper 
part of a large wooden tub (Fig. 2), is cooled by a 
current of water, and COmes out Of tM tub at the bot· 
IBm on the opposite side, Here it cehneets with the 
inouth &f a flask in which the products of the diS
tillation finally coMimise. Eachiltill is charged with 
22 pounds of flowers and HI gallons of water, and then, 
lifter the different parts have been adjusted, We fur
nace is lighted. After the water has begun to boil, 
the temperature is prtigressively reduced. The opera-

FIG. l.-THE DISTILLATION OF ROSES iN BULGARIA. CHARGING THE STILLS 
AT THE CHRISTOFF ESTABLISHMENT. 

maceration of the petals of the rose in olive oil. Per
fumers employed it in this form during the entire 
Middle Ages, but the distillation of roses does not seem 
tg date back beyond the eighth century, At this epoch, 
iIi fact, as we are told by the Arabian author ibrl khM' 
dun, the trade in rose water extended as far as to the 
Indies and China. Then, toward the twelfth century, 
the cultivation of roses extended to Persia and the 
distillation became art important s()""'�e of ;evenue to 
that country. It did not at first occur to tho Orlenhii 
manufacturers, however, to separate from the rose 
water·the small quantity of oily substance carried over 
with it by the aqueous vapor and floating in the re
ceivers. This idea occurred only to Princess Nour-i
Djihan, who married the Emperor of Delhi, 'Djahangir, 
who died in 1627. The practice of distilling roses after
ward became implanted in Arabia and the States of 
Earbary. It is gEmel'al1y asserted that the art of extract· 
ing the valuable essential oil was imported intO Bui
garia by a Tunisian Tutk. In this Balkan principality 
the cultivation of roses extends at present between the 
valleys of the Toundja and Strema, to the environs of 
Kazanlik, Novo Zagora, Tchirpail) Karlova, Novo Selo, 
BrezovQ, and Pechtera. The altitude Of these regions 
above the level of the sea is about l.300 feet. The 
thermometer descends here in winter to 20 deg. C. 
below zero, and in summer sometimes reaches 35 deg. 
The mean temperature of these districts is therefore 
hota.bly hlwer t.han at Nicil and Grosse, the center of 
the French rose farms. 

The majority oj; the Bulgarian distillers employ the 
damask rose (Rosa damascena), which blooms in May. 
The flowers, which are borne in bi- or tri-florous cymes 
to the number of from 7 to 13 per branch, exhale an 
exquisite odor. The plant is very delicate, and a white 
frost occurring at the season of blooming may destroy 
the entire crop. The plants are usually arranged, not 
isolatedly or in small scattered hedgerows, as in south
ern France, 'but in tall parallel thickets exceeding in 
height the stature of a man and spaced about seven 
feet apart. In order to reach such a result, four or five 
leafy branches of an old rose bush are, toward October, 
laid horizontally side by side in ditches 12 inches in 
width and depth, and then covered with earth that 
has been slightly manured. After eighteen months of 
attentive cultural care, the young shrubs produced 
by this process of layering come into flower. The 
crop becomes maximum at the fifth year, and properly 
pruned plants yield roses for twenty years. 

tion lasts from an hour to an hour arid a half, and is 
arrested after 12 quarts of liquid, or about two flask
fuls, have been collected. The flasks f',l! of fresh rose 
water are afterward placed in a row, the stills are 

·i:lmptied of the exhausted petals and refilled with fresh 
ones, and the distillation is then begun again, the 
flowers treated being of the sam€! day's gathering, 
since, after twenty-four hours, they lose all the. deli· 
cate aroma that gives them their value. 

In order to extract from the rose water the essential 
oil that it ciJntains, a second distillation is made, cer
tain special precautions being taken, into the details of 
which we cannot enter. Upon coming from the still, the 
pure oil of rose is of a pale yellow and consists of two in
gredients-stearoptene (a white crystallizable hydro
carbide, having no odor) and an odorous liquid prin
ciple formed mainly of geraniol and cirtonellol mixed 

years. So the price of oil ()f rose, which in 1872 
rea.ched $128 a pound, did not, last October, exceed $60. 
-Translated frem La Nature for the SCIENTIFIC 
AMERICAN SUPPLEM.lCNT: 

DIRECT-viSION SPECTROSCOPES. 
By T. H. BLAKESLEY, M.A. 

THE formation of a spectrum, whether by a prisrri, 
s train of prisms, or a grating, involves the angular 
separatiOn, ane from another, of the various rays of 
different c016rll comprised in ordinary white light. 
This angular separatiOn it; Cll.lled disperSion, and may 
cinivenieIitly be measured from aliy selected ray. Thus 
we read of spectroscopes of feeble power having a dis
persion of 4 deg., and of thdse Of stranger POWEll' with 
a dispersion of 12 deg., and so On. Each Of these mag
nitudes. refers to the angular dista:nl'ie between: certain 
of the Fraunhofer lines in the spectruItl produced by a 
particular instrument. 

In many instrumentg, including some of the rt10st 
powerful, dispersion cannot be produced without de
flecting the whole of the rays from theit d'riginal direc
tion. Such an angular displacement is called devhHion, 
and is quoted for some well-recognized ray. Viewed 
from this standpOint, dispersion between two rays is 
merely' the difference between their deviations, and the 
essentiai difference between "direct-vision" spectro
scopes and others is that in the former class the 
d.eviation of some centtai or selected ray has the value 
iero, whereas in the latter c1a:;;s the entire body of 
rays suffers angular displacement wfth:h is very large 
in comparisori with the dispersion betWeen the in
dividual rays. 

Thus in direct-vision spectroJ'lcopes the telescope, 
camera, or other appliance employed to utilize the 
spectrum may be pointed as if to receive the f'ays ill 
their initial direction, and need only receive the srriaH 
anguiaf displacement from this position which iii 
necessitated by the !lxistence of dispersion. With in
struments which are riot (If the "direct-vision" class, 
the proper position for the teIescl>pe or camera must 
differ widely from that for the direct teception of the 
original beam, on account of the large angie deviation. 

It will thus be readily understood that direct'vision 
spectroscopes, provided they involve no other draw
back, must be better suited than others for many' 
operations; fOr instance, they can be more readily 
attached to astronomi!!al telescopes. 

But unfortunately they are not, as a rule, so power
fu! as thOse possessing deviatidlL A direct-vision spec· 
troscope general1y Gomprises prisms of two kinds of 
glass, arranged in a train with the refracting edge of 
each prism pointing in the direction opposite to that ot 
the prism immediately preceding or following it. The 
prisms with refracting edges arranged on Qne side of 
the train are of one kind of glass, while the 1'lffilain
ing prisms are made from another kind of glass. In 
this way the deviation of some given ray may be re
duced to zero, while the dispersion remains finite. As 
the dispersion is the result of the differential action of 
the two sets of prisms, it will obviously be smaH unless 
many prisms are employed-an arrangement that 
would involve very great absorption of light. 

There is another defect in direct-vision spectroscopes 
of this kind. They are liable to produce anomalous 
dispersion, which means that the angular order of the 
rays in the resulting spectrum may not be the order 

The crop is gathered between May 20 and June 15, 
according to the year. As soon as it is daylight, the 
pickers pass through the alleys and pluck the flowers 
just in the act of blooming and with the buds ready to 
expand, since if the cutting of them were longer de
ferred, they would fully expand during the day, and 
by the next day their perfume would have been dis
sipated. An acre usually produces 3,300 pounds of 
roses, corresponding to nearly a pound of essential 
oil. As is shown in Fig. 1, made from a photograph 
taken by M. Christoff, of Kazaulik, the stills are ar
ranged side by side under sheds. Each of these ap
paratus, which is of copper, is 5 feet ip. height and COIf:!.-

FIG. 2.-VIEW OF THE REFRIGERATING TUBS AND THE FLASKS THAT 
CATCH THE DISTILLATE. 

with some other bodies that have escaped the investi
gations of chemists. Moreover, dealers do not hesitate 
to complicate the task of testers by adulterating the 
valuable product with various essential oils, such as 
those of geranium, palma rosa, and sandal wood. The 
production of oil of rose in Bulgaria during the year 
1903 was 13,770 pounds as against 8,580 in 1902 and 
7,000 in 1901. In order to find so abundant a produc
tion as that of 1903, we shall have to go back thirty 
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of increasing or diminishing wave-length. That prisms 
of certain substances naturally produce this disorder, 
is well known; but it is possible to produce it arti
ficially by means of prisms of glass of different re· 
fractive indices. 

To explain this, let us consider either of the arrange
ments indicated in Fig. 1, where prisms marked A are 
of one, and those marked B are of another kind of 
glass. It is evident that rays, for which both kinds of 
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glass have the same index, will pass through these 
symptoms without deviation, in a direction which may 
be called the axis of the instrument. Of the remaining 
rays, those for which the index of glass A is greater 
than glass B will be deflected toward one side of the 
axis, and those for which the index of B is the greater 
will be dollected toward the other side of the axis. 

These are the scientific objections against employing 
two kinds of refracting materials in the way described, 
over and above those depending on the feeble disper· 
sion and the high absorption of light. They might be 
overcome by employing, if it be possible, trains of 
prisms in which the deviation of one prism is not set 
against that of another. 

Thus the glass being chosen, and the particular ray, 
which is to suffer no ultimate deviation, being selected, 
we are in possession of u , and the angle of the prism 
A is fixed by this condition. 

In this case it follows that the ray of light before 
incidence must be at right angles to the side from 
which it is to emerge (Fig. 4), and on emergence the 
ray is at right angles to the side upon which it was 

FrG. 1. 

Now it is quite possible to obtain glasses with equal 
indices for rays at two different points of the spec· 
trum. These two different rays will be brought into 
coincidence with the axis, and the spectrum will be 
folded back upon itself, producing anomalous disper· 
sion. Even if this extreme condition is not reached, 
anomalous dispersion might exist in some part of the 
spectrum, on account of irregularity in the run of the 
dispersion in different glasses. In the simple cases 
cited, if j.l is the index of a certain ray for one kind 
of glass, and y is the index of the same ray for the 
second kind of glass, the condition j.l = y is all that is 
necessary for that ray to suffer no deviation, and this 
condition may hold for more than one ray. In other 
cases the condition may not be so easily seen, but there 
is always some condition which can be formulated by 
means of an equation involving the coefficients of re-

FIG. 2. 

fraction of the two glasses and the angles of the 
prisms, under which the ray will suffer no deviation; 
and this condition may be satisfied by more than one 
pair of values for j.l and y. 

As an instance, suppose three isosceles prisms hav
ing refracting angles a to be arranged as in the 
sketch, Fig. 2. The condition for no deviation in this 
case is: 

11' - 2j.l' + I 
Cos f1 = -------

21,u' T- y) 
Now it is quite possible that this equation may be satis
fied fot more than one ray of the spectrum, and even 
if this is not the case, the rays of the spectrum may be 
unduly crowded together and even reversed in order 
locally. It follows that considerable care· must be 

FIG. 4. 

exercised in selecting glasses for such instruments as 
utilize two refracting materials. 

In the case last considered suppose that 0: is made 
equal to 90 deg.; the equation of condition then 
becomes 

11' + I = 2 It' 

and tJIe case may be readily illustrated by putting a 
cube of glass into the corner of a rectangular tank of 
water, of which the sides are plates of glass. Here j.l 

refers to the water, y to the glass cube. If the D line 
is to suffer no deviation, and j.l for the D line 
is taken as equal to 1.3336, the solution of the equation 
of condition is 

y = 1.59907, 

and we must select a glass which has this value for 
the index of the D line. 

Had the F line been selected we should have for the 
indices: 

f.l = 1.3378 
The difference of the indices of the glass for the two 
rays, or as it is called by Schott, the partial dispersion 
between D and F, would thus be 0.00697, a number not 
remote from what might be expected to occur in some 
sorts of glass whereof the index for D is 1.59907. 

There is little doubt that glass approximating to that 
here indicated ·would display anomalous or unduly 
irregular dispersion when employed with water as 
suggested above. 

A succession of prisms, of which the refracting edges 
all point across the general path of the rays in the 
same way, will produce a large dispersion 1.',nd devia
tion in proportion to the number of prisms employed. 
If these are succeeded by a similar train of which the 
angles point across the rays in the opposite direction, 
the deviation and dispersion will both be annulled. 
But if, between these two trains, means can be found 
to reflect the whole beam so that rays which, before 
the reflection, were inclined to the right of the mean 
ray at certain angle, are after reflection inclined to 
the left of it at the same angle (Fig. 3), and vice 
versa, then the second train of prisms will increase 
the dispersion of the rays, while at the same time it 
diminishes the deviation of the beam generally. A 
simple reflecting plane mirror would have this effect, 
but would be subject to the defect that for the whole 

FIG. 3. 

beam to be operated upon the mean ray would have to 
be incident at an angle considerably less than 90 deg. 
In other words, the mere reflection would create an 
extra deviation of the mean ray. To make up for this, 
the second train might be more or less numerous than 
the first. But it is unnecessary to resort to this plan, 
because an obtuse-angled· isosceles prism may be em
ployed as the reflector, the rays entering it by one of 
the equal sides being reflected internally by the base, 
and emerging at the second of the equal sides. If the 
mean ray is parallel to the base on entering the prism, 
it will also be parallel to it on leaving; and any other 
ray will make the same angle as before with the mean 
my, but will now be on the opposite side of it. In the 
instrument about to be described this principle is em
ployed, in conjunction with another which will now be 
explained. 

When a ritY of light passes symmetrically through a 

FIG. 5. 

glass prism, it receives a deviation D, which is con
nected with the angle of the prism, A, and the index 
of refraction j.l of the glass for the ray, by the equa
tion: 

A+D A 
Sin ---- = j.l sin -

2 2 
If the angle A is c'hosen so that the deviation shall 

FIG. 6. 

first incident. The reversibility of the ·path of the 
light, and the fact that the deviation is equal to the 
angle of the prism, require this to be the case. 

On emergence from this prism, the ray is made to 
encounter one of the equal sides of an obtuse-angled 
isosceles prism (Fig. 5) for the purpose already de
scribed. The base of this prism must be parallel to the 
ray on emergence from the first prism. Thus, on 
emergence from this second prism the selected ray will 
be still patallel to its course between the prisms. We 
are free to make the base angles of. the second 
prism of what value we please, so long as the light 
is internally reflected from the base .at an angle 
exceeding the critical angle of the glass; but if 
we make them equal to (90 - A), then the two prisms 
can be made to Go�ne �og;etner and form one right
angled prisIIi (Fig. 5). � The cavity between the two 
prisms, having parallel sides, may now be done away 
with, and the prisms merged into one. As the neces
sary reflection .v.ow . qccurs inside the right-angled 
prism, the n�xt prison can be placed across the emer
gent beam in such a way as to annul the deviation of 
the selected ray while increasing the dispersion gen
erally (Fig. 6). 

The next two prisms, viz., the third and fourth, are 
images respectively of the second and first, with re
gard to an imaginary plane at right angles to the 
direction of the light from the collimator. Thus, after 
passing the fourth prism the selected ray is in the same 
straight line as When it left the collimator, and can be 
received by the telescope, camera, or other apparatus. 

It will be noticed that the angle of incidence or emer
gence of the selected ray, at each of the surfaces 
through which it passes, is equal to the angle A. 

The collimator and the first two prisms are rigidly 
connected together, and the last two prisms and the 
telescope (if that be the instrument employed) are 
also rigidly connected. These two systems are moved 
relatively one to the other round an axis which is near 
the two adjacent angles of the second and third prisms. 
The course of the selected ray between the second and 
third prisms is parallel to et (Fig. 6), but any other 

FIG. 7.-S0LAR SPECTRUM, SHOWING FRAUNHOFER LINES 
BETWEEN 497 j.lj.l AND 534 j.lj.l. 

be equal to it (i. e., if D = A), then the equation. takes 
the following simple form: 

A 
f.l = 2cos-

2 
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ray in that space will traverse a path making some 
angle with et. In that case, if the system composed 
of the two last prisms and the telescope is turned until 
the ray considered passes symmetrically between the 
second and third prisms, that ray will finally leave the 
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fourth prism with an angle of emergence equal to A, 
and be parallel with the axis of the telescope. Tlris 
symmetrical passage implies mlIllmum deviation 
through the train of prisms, and thus any ray which 
is brought into the center of the field of the telescope 
has undergone minimum deviation through the train 
of prisms, and possesses the clearness of definition 
which that fact always implies. 

The accompanying illustration (Fig. 7), reproduced 
from a photograph of part of the solar spectrum, was 
made with a lens of 14% inches focal length applied 
to a telescope magnifying ten times. When an arc 
lamp in which sodium is present is used as a source 
of light, then the spectrum of the light from the arc 
shows the second of the two D lines (viz., D2) to be 
itself double. This seems an accomplishment for a 
spectroscope of only four prisms, especially with so 
small a magnifying power in the telescope. 

The dispersion between the A and G lines is 18 deg. 
20 min. During last year the instrument has been 
exhibited at Mercers' School, the Royal Institution, 
and before the Royal Society and the Physical Society 
of London. It is now provided with a telescope eye
piece which raises the magnifying power to 30. This 
step seemed warranted by the extreme brilliancy of the 
fieid with the lower powers at first provided. The line 
A and its region are admirably displayed, and the H 
lines are quite visible.-Technics. 

THE SUCCESSION OF CHANGES IN RAl)IO-ACTIVE 
BODIES.* 

IT has been shown by Rutherford and Soddy that the 
radio-activit"y of the radio-elements is always accom
panied by the production of a series of new substances 
possessing some distinctive physical and chemical prop
erties. These new substances are not produced simul
taneously, but arise in consequence of a succession of 
changes originating in the radio-elements. The radio
activity of these products is not permanent, 'but di
minishes in most cases, according to an exponential 
law, with the time. Each product has a distinctive rate 
of decay of activity, which has not, so far, been altered 
by any physical or chemical agency. The law of decay 
has been explained on the supposition that the product 
undergoes change according to the same law as a mono
molecular change in chemistry. The change occurs in 
consequence of the expulsion of an a or {3 particle, or 
both, and the activity of a product is thus a measure 
of its rate of change. While the products, like the 
emanations, and UrX, lose their activity according to 
an exponential law, the matter emanation X, which 
gives rise to the phenomena of excited activity, does 
not los.e its activity according to a simple law. The 
experiments of Miss Brooks and the author, and of 
Curie and Danne, have shown that the decay of 
the excited activity of radium is very complicated, 
and depends upon the time of exposure to the exciting 
cause, viz., the emanation. The author has shown that 
the excited activity produced in a body by a short ex
posure in the presence of the thorium emanation in
creases at first for a few hours, passes through a maxi
mum value, and then decays with the time according 
to an exponential law. 

In the paper the curves of decay of excited activity 
of radium and thorium are given for both short and 
long exposures to the emanations, and it is shown that 
the law of change of activity with time can be com
pletely explained on the theory that emanation X of 
thorium and radium is complex, and undergoes a 
series of successive changes. 

'rhe mathematical theory of successive changes is 
given in detail, and a comparison is made of the theo
retical and experimental curves obtained for the varia
tion with time of the excited activity. In the case of 
thorium, two changes are found to occur in emana
tion X. The first change is a "rayless" one, i. e., the 
t.ransformation is not accompanied by the appearance 
of a, {3, or y rays. The second change gives rise to 
all three kinds of rays. 

The decay of activity of emanation X of radium de
pends greatly on whether the a or (:J rays are used as 
a means of measurements. The curves obtained by the 
(3 rays are always identical with those obtained by 
the y rays, showing that the y and {3 rays always 
occur together and in the same proportion. The com
plicated decay curves obtained for the different types 
of rays, and for different times of exposure, can be 
completely explained on the supposition that there are 
three rapid successive changes in the matter deposited 
by the emanation, viz.: 

(1) A rapid change, giving rise only to a rays, in 
which half the matter is transformed in about three 
minutes. 

(2) A "rayless" change, in which half the matter is 
transformed in twenty-one minutes. 

(3) A change giving rise to a, {3, and y rays to
gether, in which half the matter is transformed in 
twenty-eight minutes.t 

A similar rayless change is shown to occur in the 
"emanating substance" of Giesel. 

The occurrence of a rayless change in the three 
radio-active bodies is of considerable interest. Since 
the change is not accompanied by rays, it can only be 
detected by its effect in the change or changes which 

* Bakerian lecture delivered at the Royal Society on May 19 by Prof. 
E. Rutherford, F.R.S. 

t A statement of the nature of the three changes occuring in emanation 
X of radillm was first given in a paper by Rntherford and Barne (Phil. 
Mag., February). A brief account of the t.heory from which the resnlts 
w(!j:e deduced h,18 been given in m.v book U Radio-activity" (Cambridge 
University Press). Later, Cnrie and Danne (Comptes Rendus, March 14) 
arrived, in a similar way, at the same conclusions. 

follow. The matter of the rayless change is trans
formed according to the same law as the other changes. 
The rayless change may be supposed to consist either 
of rearrangement of the components of the atom 
or a disintegration of the atom, in which the products 
of the disintegration are not set in sufficiently rapid 
motion to ionize the gas or to affect a photographic 
plate. The significance of the rayless changes is dis
cussed, and the possibility is pointed out that similar 
rayless changes may occur in ordinary matter; for the 
changes taking place in the radio-active bodies would 
probably not have been detected if a part of the atom 
had not been expelled with great velocity. 

The radiations from the different active products 
have been examined, and it is shown that the·{3 and 
y rays appear only in tlJ.e last rapid change of each 
of the radio-elements. The other changes are accom
panied by the emission of a particles alone. 

Evidence is given that the last rapid change in 
uranium, radium, and thorium, which gives rise to (:J 
and y rays, is far more violent and explosive in char
acter than the preceding changes. There is some evi
dence for supposing that, in addition to the expelled a 

and {3 particles, more than one substance is produced 
as a result of the disintegration. 

After the three rapid changes have taken place in 
ilmanation X of radium, there remains another product, 
which loses its activity extremely slowly. Madame 
Curie showed that a body which had been exposed for 
some time in the presence of the radium emanation 
always manifested a residual activity which did not 
appreciably diminish in the course of six months. A 
similar result has been obtained by Giesel. Some ex
periments are described, in which the matter of slow 
decay, deposited on the walls of a glass tube contain
ing the emanation, was dissolved in acid. The active' 
matter was found to emit both a and (:J rays, and the 
latter were present in unusually large proportion. The 
activity measured by the (3 rays diminished in the 
course of three months, while the activity measured 
by the a rays was unaltered. The active matter was 
complex, for a part which gave out only a rays was 
removed by placing a bismuth plate in the solution. 
The radio-active matter deposited on the bismuth is 
closely allied in chemical and radio-active properties 
to the active constituent contained in the radio-tel
lurium of Marckwald. The evidence, as a whole, is 
strongly in support of the view that the active sub
stance present in radio-tellurium is a disintegration 
product of the radium atom. Since the radium emana
tion is known to exist in the atmosphere, the active 
matter of slow dissipation produced from the emana
tion must be deposited on the surface of all bodies 
exposed to the open air. The radio-activity observed 
in ordinary materials is thus probably, in part, due to 
a thin surface film of radio-�ctive matter deposited 
from the atmosphere. 

A review is given of methods of calculation of the 
magnitude of the changes occurring in the radio-ele
ments. It is shown that the amount of energy liberated 
in each radio-active change, which is accompanied by 
the emission of a particles, is about 100,000 times as 
great as the energy liberated by the union of hydrogen 
and oxygen to form an equal weight of water. This 
energy is, for the most part, carried off in the form of 
kinetic energy by the a particles. 

A description is given of some experiments to see if 
the a rays carried a positive charge of electricity, with 
the view of determining experimentally the number of 
a particles projected from one gramme of radium 
per second. Not the slightest evidence was obtained 
that the a rays carried a charge at all, although it 
should readily have been detected. Since there is no 
doubt that the a rays are deflected in magnetic and 
electric fields as if they carried a positive charge, it 
seems probable that the particles must in some way 
gain a positive charge after their expulsion from the 
atom. 

Since, on the disintegration theory, the average life 
of a given quantity of radium cannot be more than a 
few thousand years, it is necessary to suppose that 
radium is being continuously produced in the earth. 
The simplest hypothesis to make is that radium is a 
disintegration product of the slowly changing elements 
uranium, thorium, or actinium present in pitchblende. 
It was arranged that Mr. Soddy should examine 
whether radium is produced from uranium, but the 
results so far obtained have been negative. 

I have taken solutions of thorium nitrate and the 
"emanating substance" of Giesel (probably identical 
with the actinium of Debierne) freed from radium by 
chemical treatment, and placed them in closed vessels. 
The amount of radium present is experimentally de
termined by drawing off the emanation at regular in
tervals into an electroscope. A sufficient interval of 
time has not yet elapsed to settle with certainty 
whether radium is being produced or not, but the in
dications so far obtained are of a promising character. 
-Nature. 

BEA VER FURS. * 
By CHARLES II. STEVENSON. 

DURING the seventeenth and eighteenth centuries the 
beaver furnished the principal item in the fur trade of 
the world, but at present it is of somewhat minor com
mercial importance among the aquatic fur-bearing 
animals. The skins received by the wholesale dealers 
from various localities show different characteristics 
of pelage. In winter, the color on the back and sides is 
generally dark bay or brownish black, tipped with 

* From U. S. Fish Commission Report for 1902. 
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chestnut or russet, and seal-brown on the under parts, 
legs, and feet. The prevailing color ranges toward 
the south to a yellowish tinge upon brown, and in the 
north approaching a glossy blackish brown. In gen
eral, the beavers obtained in cold latitudes are darker 

. than those secured in warmer climates, but those from 
the northwestern part of the United States are very 
light in color. A few black beavers and still fewer 
spotted ones are obtained; also, at very rare intervals, 
a! yellowish white or pure white one is taken. The 
Labrador beaver, now somewhat scarce, is superior to 
those caught farther west, while those of Canada in 
general, as well as of the northern parts of the United 
States, are superior to those taken in the Southern 
States. 

The overhair of the beaver is from 1 % to 21h inches 
in length, rather stiff, and of a dull color for two-thirds 
of its length from the base, and is terminated by 
shining points ranging in color from the most delicate 
brown to rich, glossy blackish-brown, giving the gen
eral color to the pelage. The underhair or fur is very 
thick, fine, and soft, from one-half to three-fourths of 
an. inch long, and of a uniform bluish or brownish
gray color from the roots to the tips. It. is denser 
and shorter on the underparts than on the back. The 
fur becomes prime in October in the latitude of the 
northern boundary of the United States, and continues 
in good condition until May, when it begins to de
teriorate. The pelts are marketable, however, till about 
June 15, although they are somewhat thin, light in 
weight, and of less value. 

THE MARKETS FOR BEAVER SKINS. 
The economic use of beaver pelts antedates the dis

covery of America. As far back as the Middle Ages, 
at least, beaver skins were used as clothing by primi
tive people in Europe. Their principal use, however, 
was as furnishing material for fashionable hats for 
men. Beaver hats were worn as early as the twelfth 
century, but their popularity was not permanently 
established until the sixteenth century, and then for 
more than two hundred years the beaver supplied the 
fashionable world with hat material. As the business 
increased, it resulted in the slaughter of hundreds of 
thousands of the animals, the market consumption in 
certain years approximating 400,000 skins, practically 
all of which were obtained from Canada and the United 
States. So extensive and regular was the beaver trade 
that in the eighteenth and the early part of the nine
teenth century the skins were accepted as currency 
throughout the western part of Canada and the United 
States, and were the standard for bartering with 
Indians. 

It was not long before the market demands outran 
the resources of nature and the beaver was in danger 
of extermination. The' price of the skins increased 
correspondingly, selling at times for $8 or $10 per 
pound, and the finished hat for $20 or more. At length 
the supply of the fur became so inadequate that other 
materials were necessarily substituted, resulting about 
1839 in the general adoption of the silk hat by the 
fashionable world. 

The demand from manufacturers of hats diminishing, 
the price of beaver pelts fell so low that the hunt 
proved unprofitable. Later a demand developed for the 
skins in the dressed-fur trade, and the price became 
steady at about $2 or $3 each. This fur became fashion
able about twenty years ago, and the indications are 
that it will be in favor for many years. Small quan
tities, partly damaged in the curing, are yet used by 
the hatters, but its employment is mainly as dressed 
fur for caps, mufflers, gloves, trimmings, etc. Some
times entire garments are made of it, but its weight 
makes it objectionable for that purpose. The darker 
pelts are usually purchased for the European and 
Canadian markets, while the medium and paler shades 
are worked up for consumption in this country. 

The greater portion of the beaver skins taken on the 
American continent during the last 200 years have 
been handled at the London auction sales. The first 
sale occurred on January 24, 1672, and was an event 
of much importance. From that time to the present 
the total number of skins handled in London approxi
mates 30,000,000, with a total valuation of $100,-

000,000. The average annual sales at present approxi
mate 50,000 in number. 

In addition to those handled in London, about 20,000 
beaver skins are now marketed each year, being sold 
at Leipsic and at private sale in the United States and 
Canada. This makes a total of about 70,000 skins 
marketed annually in recent years, of which about 
10,000 are obtained in the United States and 60,000 
in the Dominion of Canada. 

. 

In the markets, beaver skins are classed not only 
according to the general localities whence they are 
obtained, but also according to their size and the 
quality of the fur. In assorting them four grades are 
recognized. Those of the first grade have a flesh
colored pelt, which appears fresh and sound, and with 
long heavy fur, which separates down to the membrane 
when blown into, and appears uniformly even, fine, 
and silky. The seconds are almost clear in the pelt, 
and the fur only slightly scant or poor. In the thirds 
the fur is thin, scant and poor, and the pelt dark. 
Fourths are of the poorest quality, with pelt almost 
black or bluish-green color, and the fur short and thin. 
Each of these grades is divided according to Size, the 
large, medium, small, and kitts. The prices range 
from $1.25 for the poorest to $10, $12, and even $16 for 
those of choicest grade, averaging somewhat less than 
$6 per skin. 

Fifteen years ago large quantities of beaver fur were 
used in this country, and as much as 65 per oent of 
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